been selected in the same way as in Paper I (described below), the only difference being 78 that they are derived from a later version of the CIRS database. This has some im-79 provements to the calibration algorithm, including rejection of some 'bad' spectra (scan 80 mechanism out of phase lock) and greater suppression of numerical artifacts from the 81 Fourier transform. These mid-IR spectra were acquired at the highest spectral resolution atmosphere) of the N j spectra as follows:
88
For further details see Table I .
89
[TABLE I appears here]
Voyager IRIS Observations

90
The two Voyager spacecraft passed much closer to Jupiter than Cassini (5.7 × 10 5 km 91 versus 9.8 × 10 6 km). The IRIS spectrometer carried on board was also a Michelson type -
92
like the mid-infrared of CIRS -but with a single bolometer detector instead of two 1 × 10 the spectral effect of the ν 2 band at 950 cm −1 is most significant from ∼800-1000 cm −1
126
(although the effects range from 750-1200 cm −1 ) , and so primarily affects the ethane 127 spectral range. As it varies with latitude, it must be included in the retrieval. For our 128 purposes the knee pressure was fixed at 0.7 bar and the both the deep pressure and 129 fractional scale height were included as free parameters, with a priori values of (2.2 ± 130 0.22) × 10 −4 and 0.15 ± 0.05 respectively. Note also that ammonia is entirely separable 131 from ethane due to the very different spectral signature. For discussion of the latitude 132 and longitude variation of these retrieved parameters, see the above-referenced papers. 
Forward Spectral Model and Retrieval Algorithm
135
The computation of the spectrum from the model atmosphere was carried out using 136 the Nemesis computer code (Irwin et al., 2008) , which also accomplishes the fitting and 137 parameter retrieval. This code has been significantly validated in the past, having been 138 successfully applied to model reflection and thermal infrared spectra of Venus, Mars,
139
Jupiter, Saturn and Uranus; from a variety of spacecraft and ground-based facilities and 140 instruments, including Galileo, Cassini, Mars Express, Venus Express, UIST.
141
The Jovian model opacity is derived from two sources: (i) gas vibrational-rotational 142 bands, and (ii) collisional-induced gas opacity. Jupiter's atmosphere is also known to 143 contain stratospheric haze. The addition of haze (particulate) opacity was investigated 144 in paper I using the refractive index co-efficients of Khare et al. (1984) or a simple grey absorber. However, the effect on the retrieval was not found to be statistically significant,
146
i.e. the difference to the χ 2 was below the noise threshold. Therefore we have followed the 147 approach of Paper I and do not include a haze opacity in our retrievals. The atlases for 148 the gas bands are identical to Paper I, except for ethane, where we substituted the more 
151
The collision-induced opacity uses the method of Borysow and co-workers (Borysow et al., 152 1985 (Borysow et al., 152 , 1988 .
153
The spectral calculation proceeds based on the correlated-k approximation (Goody et al., was approximated by a triangle function, and is one source of the slight differences seen 162 in the retrieved abundance of C 2 H 2 from the Cassini CIRS spectra. See further discussion 163 in §5.1.
164
The fitting of the spectrum to the data was achieved through the formalism of Rodgers and 100-700 mbar in the troposphere. [TABLE IV appears here] Before leaving this topic, we also must consider whether the vertical retrieval range 213 may be re-arranged:
where p is pressure in Torr and T is temperature in K. In Fig. 7 we compare the altitude- 
Results
225
The retrieval proceeded in the following two-step manner. Firstly, each latitudinal aver-226 age spectrum was analyzed to retrieve temperatures in the troposphere and stratosphere, 227 using spectral portions of the hydrogen continuum (600-670 cm −1 and 760-800 cm −1 ) 228 and methane ν 4 band (1225-1325 cm −1 ). Secondly, the temperature profile was fixed and 229 the gas abundances of C 2 H 2 and C 2 H 6 allowed to vary, and their vertical distributions 230 retrieved from their bands at 670-760 cm −1 (C 2 H 2 ν 5 ) and 800-850 cm −1 (C 2 H 6 ν 9 ).
231
Note that for reference, the retrieved 2-D temperature fields, gas mixing ratios for
232
C 2 H 2 and C 2 H 6 , and formal errors on these quantities, from both datasets (Voyager and 100-400 mbar, as expected due to the much greater thermal inertia at these levels.
245
Note that the upper stratosphere region (0.01 mbar) was not considered in the earlier We also see evidence for the the so-called jovian 'Quasi-Quadrennial Oscillation' (QQO), The C 2 H 2 difference plot ( Fig. 9 (c) ) shows the most dramatic difference, with the 270 polar stratospheric abundances dropping at 1-10 mbar, and more intensely in the south 271 than the north. This is also evident in Fig. 9 (b) , where the upward-curved contours 272 contrast markedly with the more level contours of Fig. 9 (a). Ethane, in contrast, shows a much smaller change from Voyager to Cassini, although 274 the Cassini era appears to have a more uniform stratospheric distribution, whereas the 275 Voyager period is characterized by a positive bias towards the north. Also, the CIRS epoch 276 shows systematically higher abundances over much of the atmosphere. The first reference point for this study is the previously published retrievals of hydro- where the information content is maximum, e.g. at 2 mbar in the equatorial stratosphere 283 the change is just 1%, and at 300 mbar in the equatorial troposphere the change is 10%.
284
The maximum change was at 62
• S, 300 mbar where the deviation reached 25%. These 285 differences are well within the overall error bars of ∼40-50%, and may be attributed to 286 small changes in the modeling method, such as the improved instrumental line shape (see 287 §3.2). See on-line data for full data and errors ( §4).
288
For C 2 H 6 , the change at 5 mbar in the equatorial stratosphere was 40%, with a 20% 289 change at 300 mbar. However, these differences are relative to smaller error bars of 15-290 20%, and are therefore clearly significant. These changes can be explained by the new line 291 list used for C 2 H 6 (see §3.2), which has higher line intensities than used in Paper I, by 292 some 44% over the whole band. full Jovian year before Cassini. The Cassini-derived value of (9.4 ± 1.8) ppm at 1 mbar is 312 somewhat greater their value of (3.6 ± 1.3) ppm, at 0.3-3 mbar, similar to our conclusion 313 in Paper I. We note however that we would achieve agreement at their lower bound of 314 3 mbar where we find an ethane VMR of (4.8±0.8) ppm. The other studies for C 2 H 6 in the 315 4-5 mbar region also agree with our results when the respective error bars are considered.
316
Note that the entire set of past measurements for C 2 H 6 is generally self-consistent, in 317 marked contrast to those of C 2 H 2 , discussed hereafter. which may indicate a phase lag between dynamics and seasons.
359
The higher abundances of C 2 H 6 seen at most latitudes by CIRS may in part be due to we note that the increase in C 2 H 6 towards the poles at both epochs may be partially due finally doubling at the south pole.
Comparison to Saturn
376
Both these studies used nadir-geometry spectra, limiting the range of vertical sensitiv- has the effect of shielding the low latitudes, reducing both the photolysis of methane, and 389 the higher hydrocarbons, which must be accounted for correctly in photochmeical models.
390
In this paper we have analyzed two infrared spectral datasets of Jupiter: (i) the Voyager in the mid-stratosphere at 10 mbar at the peak of the contribution function, and are 616 significantly larger than the random errors (15-20%). This is due to the revised ν 9 band 617 intensities used for C 2 H 6 , as discussed in §3.2. (time for mixing ratio of species to increased/decreased by a factor of two) for C 2 H 2 (red) 620
